Abbreviations: ANI, average nucleotide identity; DDH, DNA-DNA hybridization.
A Gram-stain-negative, mesophilic bacterial strain, designated SBU1 T , which degrades polycyclic aromatic hydrocarbons was isolated from the sediments of the mangrove forests of Nayband Bay in the Iranian Persian Gulf during a bioremediation experiment. The 16S rRNA gene sequence of strain SBU1 T exhibited highest similarities with Celeribacter indicus P73 T (98.52 %) and Celeribacter neptunius H 14 T (97.05 %). Phylogenetic analysis, based on 16S rRNA gene sequences, demonstrated that strain SBU1 T fell within a cluster consisting of the type strains of species of the genus Celeribacter and formed a stable clade with C. indicus P73 T in trees generated with three algorithms. The fatty acid profile of strain SBU1 T consisted of the major fatty acids C 18 : 1 v7c/v6c and C 18 : 1 v7c 11-methyl. The major compounds in the polar lipid profile were one phosphatidylglycerol and four unidentified phospholipids. The quinone system exclusively comprised ubiquinone (Q-10). The DNA G+C content was 60.4 mol%. A combination of phylogenetic analysis, DNA-DNA hybridization estimation, average nucleotide identity results and differential phenotypic and chemotaxonomic characteristics demonstrated that strain SBU1 T could be distinguished from its close relatives. Therefore, strain SBU1 T is considered to represent a novel species of the genus Celeribacter for which the name Celeribacter persicus sp. nov. is proposed. The type strain is SBU1 T (5MCCC 1A00672 T 5DSM 100434 T ).
The Rhodobacter clade (RCB) of the order Rhodobacterales of the class Alphaproteobacteria are among the most abundant bacteria in marine environments worldwide (Buchan et al., 2005; Chen et al., 2015) . The abundance and diverse physiological characteristics within this group indicate that these bacteria function to degrade aromatic compounds (Buchan et al., 2005) and participate in the biogeochemical cycles of carbon and sulfur (Lenk et al., 2012) . During attempts to investigate the oil-degrading bacteria of mangrove sediments in Nayband Bay (278 27.5199 N 528 40.5459 E) in the Iranian Persian Gulf, strain SBU1 T , which is able to degrade polycyclic aromatic hydrocarbons, was isolated (Shahriari Moghadam et al., 2014) . In this study, strain SBU1 T was found to form a clade with Celeribacter indicus P73 T , based on comparison of 16S rRNA gene sequences. Accordingly, the aim of the present work was to determine the exact taxonomic position of strain SBU1 T based on polyphasic characterization.
Genomic DNA was prepared, and the 16S rRNA gene was amplified by PCR using a set of universal 16S rRNA gene primers (8F 59-AGAGTTTGATCCTGGCTCAG-39 and 1492R 59-GGTTACCTTGTTACGACTT-39) that were applied to amplify the nearly full-length 16S rRNA gene sequence. The reaction mixture (25 ml) contained the following: 12.5 ml KAPA HiFi HotStart Ready-Mix (26), 10 mM of each primer (0.75 ml), 10 ng ml 21 template IP: 54.70.40.11
On: Sat, 22 Dec 2018 09:38:48 DNA (0.5 ml) and 10.5 ml distilled water. PCR was performed in a Mastercycler Gradient cycler (Eppendorf) as follows: initial denaturing period of 3 min at 95 8C; 30 cycles of 95 8C for 20 s, 60 8C for 15 s and 72 8C for 90 s, and a final extension of 90 s at 72 8C. The PCR amplicons were checked by agarose gel electrophoresis (70 V, 35 min) and were then fully sequenced (Eurofins-Genomics, Ebersberg, Germany) on both strands using six primers (8F 59-AGAGTTTGATCCTGGCTCAG-39, 1492R 59-GGTTACCTTGTTACGACTT-39, 530F 59-GTGCCAGC-MGCNGCGG-39, 518R 59-ATTACCGCGGCTGCTGG-39, 926F 59-AAACTYAAAKGAATTGACGG-39 and 787R 59-GGACTACHAGGGTATCTAAT-39). The sequences were assembled using the Codon Code Aligner (version 5.1.5). The sequences of related taxa were downloaded from the GenBank database and the EzTaxon-e server (http://eztaxon-e.ezbiocloud.net/) (Kim et al., 2012) . Phylogenetic analysis was performed using MEGA version 6.0 (Tamura et al., 2013) . The distances (distance options according to Kimura's two-parameter model) and clustering were estimated with the neighbour-joining (Saitou & Nei, 1987) , maximum-likelihood (Felsenstein, 1981) and minimum-evolution (Rzhetsky & Nei, 1992 , 1993 methods. The resulting tree topology was evaluated using bootstrap analysis based on 1000 replicates.
The nearly full-length 16S rRNA gene sequence (1453 bp) of strain SBU1 T was determined. Strain SBU1 T exhibited the highest 16S rRNA gene sequence similarity with C. indicus P73 T at 98.52 %, followed by Celeribacter neptunius H 14 T (97.05 %), Celeribacter halophilus ZXM137 T (96.42 %), and other species of the genus Celeribacter (94.24-95.37 %). All other species exhibited similarities of below 96.42 %. Phylogenetic analysis of the 16S rRNA gene sequence of strain SBU1 T clearly indicated that this strain belongs to the genus Celeribacter (Figs 1, and S1 and S2 available in the online Supplementary Material). Strain SBU1 T joined a phylogenetic clade comprising C. indicus P73 T . The genus Vadicella also formed a clade close to the genus Celeribacter in all three phylogenetic trees, implying that the genus Vadicella may require reclassification into the genus Celeribacter in future studies.
The draft genome sequences of strain SBU1 T were determined by Shanghai Majorbio Bio-pharm Technology (Shanghai) using Solexa paired-end (500 bp library) sequencing technology. A total of 500 Mbp of clean data for strain SBU1 T were generated to reach an approximately 100-fold depth of coverage using an Illumina/Solexa Genome Analyser IIx (Illumina). The genome was assembled using SOAPdenovo2 (Luo et al., 2012) . The draft genome sequences of strain C. indicus P73 T (Cao et al., 2015) were obtained from the NCBI database (GenBank accession number CP004393). We determined the virtual DNA-DNA hybridization (DDH) value via pairwise comparisons between strains SBU1 T and C. indicus P73 T using the genome-to-genome distance calculator website service (GGDC2.0) (Auch et al., 2010; Meier-Kolthoff et al., 2013) . The mean (¡SD) DDH value between strains SBU1 T and C. indicus P73 T was 22.80 %¡3.46, which was below the accepted species boundary of 70 % (Wayne et al., 1987) . Thus, the calculated DDH value confirmed that strain SBU1 T represents an independent species. Furthermore, the average nucleotide identity (ANI) between the genomes of strains SBU1 T and C. indicus P73 T was calculated using JSpecies (V1.2.1), as described by Richter & Rosselló -Mó ra (2009) . Among the available genome relatedness indices, the ANI is one of the most robust measurements of the genomic relatedness between strains and has great potential for application in the determination of the taxonomies of bacteria and archaea as a substitute for the labour-intensive DDH technique (Kim et al., 2014) . ANI values equal to 95-96 %, as calculated from pairwise comparisons of shared sequences between two genomes, provide values that are equivalent to DDH values of 70 % (Wayne et al., 1987; Konstantinidis & Tiedje, 2005; Goris et al., 2007; Chan et al., 2012) . Based on maximum unit match between strains SBU1 T and C. indicus P73 T , the ANI was 77.3 %, which is below the standard criterion for classifying strains as representatives of the same species (95-96 %) (Richter & Rosselló -Mó ra, 2009) . This low level of genomic relatedness to the most closely related strain indicated that strain SBU1 T may represent a novel species of the genus Celeribacter.
Gram staining, catalase and oxidase activity, starch hydrolysis and cell motility were determined as described by Lai et al. (2014) . Cell morphology was determined by transmission electron microscopy (Tecnai G 2 200 kV; FEI) with cells from the early exponential phase grown on marine broth 2216 (Difco) at 28 8C for 24 h (Fig. S3 ). The optimum growth temperature was screened over a temperature range of 4-55 8C in marine broth 2216. The pH range for growth was determined in marine broth 2216 over a pH range of 2-12 at 1 pH unit intervals with citrate/phosphate (pH 2.0-7.0), Tris/HCl (pH 8.0-9.0) or sodium carbonate/sodium bicarbonate (pH 10.0-12.0) buffers (10 mM). The NaCl tolerance was tested using NaCl-free artificial sea water (Baek et al., 2014) supplemented with 0, 0.5, 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 12, 15, 18 or 20 % (w/v) NaCl and with 0.5 % (w/v) peptone and 0.1 % (w/v) yeast extract. The growth rate of the bacteria was monitored in a Bioscreen C apparatus (Labsystems) every 15 min for 5 days. Anaerobic growth was examined on marine agar 2216 (MA; BD) supplemented with nitrate (1 g l 21 ) and incubated in a jar with the Anoxomat Mark II Anaerobic System (Mart Microbiology). Other biochemical tests were performed using API 20NE, API20E, API ZYM (bioMérieux) and Biolog GN2 strips according to the manufacturers' instructions, with the exception that the NaCl concentrations were adjusted to 3.0 % (w/v) in all tests. For morphological and biochemical characterizations, strain SBU1 T was cultivated on marine agar 2216 at 28 8C unless otherwise indicated. Four type strains of species of the genus Celeribacter with greater than 95.37 % 16S rRNA gene sequence similarities were used as reference strains, and were cultured under the same conditions as strain SBU1 T . All the reference strains were obtained from the Marine Culture Collection of China (MCCC). Data regarding Celeribacter marinus IMCC12053 T and Celeribacter manganoxidans DY2-5 T
Stappia stellulata IAM 12621 T (D88525)

Paracoccus denitrificans DSM 413 T (CP000489)
Profundibacterium mesophilum KAUST100406-0324 T (JF776971)
Tropicimonas sediminicola M97 T (JF748735)
Tropicimonas aquimaris DPG-21 T (HQ340608)
Tropicimonas isoalkanivorans B51 T (AB302379)
Lutimaribacter saemankumensis SMK-117 T (EU336981)
Maritimibacter alkaliphilus HTCC2654 T (DQ915443)
Charonomicrobium ambiphototrophicum T EG17 (AM691091)
Roseibacterium elongatum OCh 323 T (AB061273)
Roseibacterium beibuensis T JLT1202r (JN247667)
Oceanicola litoreus M-M22 T (JX291104)
Nioella nitratireducens SSW136 T (KC534331)
Roseisalinus antarcticus EL-88 T (AJ605747)
Oceanicola granulosus HTCC2516 T (AAOTO1000056)
Marinovum algicola ATCC 1440 T (X78315)
Tropicibacter naphthalenivorans C02 T (AB302370)
Roseovarius tolerans EL-172 T (Y11551)
Donghicola eburneus SW-227 T (DQ667965)
Roseovarius halotolerans HJ50 T (EU431217)
Roseovarius pacificus 81-2 T (DQ120726)
Roseobacter litoralis Och 149 T (CP002623)
Octadecabacter arcticus 238 T (ABSK01000033)
Thalassobius gelatinovorus IAM 12617 T (D88523)
Marivita geojedonensis DPG-138 T (JN885198)
Marivita cryptomonadis CL-SK44 T (EU512919)
Pseudoruegeria lutimaris HD-43 T (FJ374173)
Pseudoruegeria aquimaris SW-255 T (DQ675021)
Ruegeria atlantica IAM 14463 T (D88526)
Celeribacter manganoxidans DY2-5 T (KF356415)
Celeribacter indicus P73 T (EU440950)
Celeribacter halophilus ZXM137 T (FJ436725)
Celeribacter marinus IMCC12053 T (KF146343)
Celeribacter baekdonensis L-6 T (HM997022)
Celeribacter neptunius H 14 T (FJ535354)
Vadicella arenosi KMM 9024 T (AB564595)
Celeribacter persicus SBU1 T (KR349442) . All API data for strains 1-5 were acquired in this study, under the same conditions. The data for strains 6 and 7 were obtained from Baek et al. (2014) and Wang et al. (2015) . were obtained from the studies of Baek et al. (2014) and Wang et al. (2015) , respectively.
For fatty acid analysis, cell masses of strains SBU1 T and the reference strains were obtained following cultivation on marine agar 2216 for 48 h at 28 8C. Next, the masses were saponified, methylated and extracted using the standard MIDI protocol (Sherlock Microbial Identification System, version 6.0B). The fatty acid spectrum was analysed by gas chromatography (6850; Agilent Technologies) and identified using the TSBA6.0 database of the Microbial Identification System (Sasser, 1990) . The results are shown in Table S1 . The principal fatty acids of strain SBU1 T comprised summed feature 8 (C 18 : 1 v7c/v6c; 64.8 %).
The minor fatty acids are detailed in Table S1 . The fatty acid profile of strain SBU1 T agreed well with those of members of the genus Celeribacter, but it could be differentiated from those of the other species based on the percentage of C 18 : 0 10-methyl present ( Table S1 ).
Analyses of the respiratory quinones and polar lipids were performed by the Identification Service of the MCCC (Xiamen, China). The major respiratory quinone of strain SBU1 T was determined to be Q-10 (100 %), which is a major quinone generally observed in members of the order Rhodobacterales (Hwang & Cho, 2008; Zheng et al., 2010; Lai et al., 2014; Chen et al., 2015) . As illustrated in Fig. S4 , the major component lipids of strain SBU1 T consisted of four unidentified phospholipids and one phosphatidylglycerol; the minor components consisted of two unknown lipids (AL) and one unidentified phospholipid (PL).
The G+C content of the chromosomal DNA of strain SBU1 T was determined according to its draft genome sequence. The chromosomal DNA G+C content of strain SBU1 T was 60.4 mol%, which is within the range reported for members of the genus Celeribacter (59.1-66.0 mol%; Table 1 ).
The results of the phylogenetic analysis, phenotypic analysis and chemotaxonomic studies support the conclusion that strain SBU1 T belongs to the genus Celeribacter. However, strain SBU1 T could be differentiated from all members of the genus Celeribacter with validly published names due to several phenotypic characteristics, which are presented in Cells are Gram-stain-negative, non-motile, non-sporeforming and rod-shaped, approximately 0.4-0.5 mm in width and 0.8-0.9 mm in length. Positive reactions are found for oxidase and catalase, but it does not degrade starch. If cultivated on marine agar 2216, it forms smooth and creamy colonies with regular edges 1 mm in diameter after 72 h of incubation at 28 uC. The colonies are non-pigmented and have slightly raised centres. It is moderately halophilic, growing with 0-18 % NaCl (w/v, optimum growth at 3 %) at 10-45 uC (optimum 28 uC) and pH 5-9 (optimum pH 6). Positive results are achieved in API 20E for urease, and the bacterium utilizes D-glucose, D-mannitol, maltose, malic acid and phenylacetic acid (API 20NE). In API ZYM tests, alkaline phosphate, a-glucosidase, b-glucosidase and leucine aminopeptidase are positive; naphthol-AS-BI-phosphoamidase, b-galactosidase, esterase (C4), lipase (C14), valine aminopeptidase, esterase lipase (C8) and acid phosphatase are weakly positive. Of the 95 substrates in the Biolog GN2 system, the biochemical utilization patterns of DL-lactic acid, monomethyl succinate, sucrose, turanose, D-mannitol, a-hydroxybutyric acid, glycerol, a-ketoglutaric acid, b-hydroxybutyric acid, thymidine, succinamic acid and succinic acid are positive; those of acetic acid, bromosuccinic acid, L-glutamic acid, D-fructose, D-mannose and methyl pyruvate are weakly positive, while those for all other given substrates are negative. The principal fatty acids comprise summed feature 8 (C 18 : 1 v7c/v6c). The respiratory quinone is Q-10. The major lipids are four unidentified phospholipids and one phosphatidylglycerol with minor amounts of two unknown lipids and one unidentified phospholipid.
